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THE  SCIENCE  OF  RELIABILOT 
•-USSR*- 


following  is  the  translation  of  an  article  Tiy  Aoadetolclm 
A.  Eerg  in'  Ekonomioheskaya  Gazeta  (Economic  Nexre) .  No  184 
(087),  Moscow,  8  June  1961,  page  3j/ 

With  the  advent  of  progress,  engineeidng  design  is  hound  to 
become  more  and  more  ccunplicated  and  involved.  Not  only  that,  but  the 
requirements  imposed  on  its  criteria  of  quallly,  for  greater  trouble- 
free  operation  and  hl^er  precision,  wearability,  temperature  resistance, 
etc,,  will  steadily  Increase, 

Modern  instrum^tation,  apparatus,  machinery,  assemblies,  automa¬ 
tic  production  lines,  composite  equipownt,  plants,  and  facilities. are 
all  examples  of  oot!5)lex  systems.  They  are  composed  of  a  set  of  Inter¬ 
dependent  and  inter-acting  cotr^nents  and  elements.  Faulty  operation 
and  lack  of  support  from  any  one  of  the  components  can  lead  to  stoppage 
or  breakdown  of  the  machinery,  which  always  Involves  loss  of  time  and 
materials. 

It  is  quite  apparent  that  the  problem  of  ensuring  reliability  of 
operation  of  complex  systems  is  one  of  the  most  difficult  to  face  in 
science  and  engineering.  In  recent  years  the  scientific  and  engineering 
problems  connected  with  the  guaranteeing  of  proper  operation  of  complex 
assemblies  have  been  collated  and  generalized  in  a  probability-statistl— 
cal  criterion  of  quality,  namely  reliability.  In  correspondence  with 
the  currently  adapted  terminology,  reliability  is  the  probability  of 
trouble-free  operation  of  any  technological  aggregate  (equipnent  or 
industrial  products)  for  a  specified  period  of  time  and  under  specifi¬ 
cally  stated  conditions,  which  then  characterize  the  quality  of  that 
object. 

At  the  Twentieth  and  Twenty-first  Congresses  of  the  CPSU,  and  at 
the  June  (1959)  and  Jhly  (I960)  Plenums  of  the  Central  Committee,  special 
consideration  was  given  to  the  problems  of  raising  the  quality  of  indus¬ 
trial  products.  At  the  July  I960  Plenum  it  was  pointed  out  in  a  number 
of  proclamations  that  the  solution  of  the  problem  of  reliabiliiy  is  a 
top-priority  goal  and  is  the  \miversal  concern  of  the  entire  country. . 

The  Factor  of  Technical  Progress 

The  concept  of  reliability  involves  a  number  of  qualitative 
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criteria,  <diich  are  of  overwhelming  importance  as  far  as  the  functional 
capabilities  of  various  technological  aggregates  are  concerned.  The  most 
general  criteria  characterizing  the  reliability  of  most  types  of  machlneiy, 
apparatus,  and  instrumentation  is  the  uniformity  of  wear  of  their  princi¬ 
pal  working  components.  Even  wear  is  achieved  through  uniform  hai*dness  of 
all  parts,  but  this  is  not  always  economically  convenient  and  is  frequent¬ 
ly  unattainable  on  engineering  grounds  because  in  a  number  of  instances 
increasing  the  strength  of  certain  parts  means  having  to  ensure  the 
necessary  rigidity  of  construction,  .  i 

In  these  oases  it  is  more  appropriate  to  provide  for  the  controlled 
replacement  of  worn  parts  in  order  to  guarantee  optiroum  longevity  of  the 
machinery,  apparatus,  or  instrumentation!  this  provlblon  must  be  made  not 
only  on  the  basis  of  physical  wearj'  but  also  h3npothetical  wear,  as  derived 
from  engineering-economical  analysis. 

In  addition  to  wear  from  dynamical  Influences  on  the  material  of 
the  Working  components,  the  reliability  of  industrial  aggregates  depends 
also  on  their  aging,  in  other  words  changes  in  chemical  composition,  struc¬ 
ture,  and  physical-mechanical  properties  of  the  materials  with  the 
passage  of  time.  Under  the  Influence  of  abrupt  fluctuations  in  temperature. 
Shocks,  shaking,  or  vibration  the  reliability  of  the  structure  can  become 
lowered  due  to  the  shifting  of  stationary  components,  changes  in  the  play 
of  moving  parts,  or  mechanisms  being  thrown  out  of  b^ance,  resulting  in 
their  regulation  fedlure  or  breakdown.'  Also  affecting  reliability  are 
changes  in  the  remnant  strain  and  hysteresis  duiijag  the  coiu*se  of  operation. 
The  fundamental  criterion  of  reliability  in  the  majority  of  machines 
is  the  »"«-Hrniitn  utilization  of  their  capabilities  for  minimum  expenditure 
in  maintenance.  In  electrical,  hydraulic,  gas,  thermal,  and  cooling 
systems  a  decisive  factor  in  reliability  is  found  in  the  continuous 
operation  of  the  raw  material  supply.  In  transportation  the  usual 
criteria  for  reliability  are  the  safety  factor  and  adherence  to  the  time¬ 
table.  The  reliability  of  electrical,  pneumatic,  and  hydraulic  equipment 
is  characterized  by  its  safety  factor  under  various  operating  conditions; 
the  reliability  of  inspection-measurement  instrumentation  end  computers 
lies  in  the  precision  of  the  readings. 

In  different  branches  of  science  the  engineering  essence  of  the 
reliability  problem  is  different.  In  power  engineering,  for  instance, 
the  primary  criterion  is  the  continuous  operation  of  those  components 
\Aiich  consume  electric  energy,  given  a  stabilized  frequency  and  potential 
and  high  power  factor.  The  continuous  generation  of  electric  power  in 
modern  thermal  power  plants  depends  on  many  factors,  beginning  with  the 
manufacturing  quality  of  the  water  and  fuel.  Boilers,  which  develop 
steam  with  hi^  parameters,  are  very  sensitive  not  only  to  the  total 
salt  content  of  the  water  twed  but  also  to  the  presence  of  isolated  com¬ 
ponents,  particularly  the  hard-vreiter  inducing  salts.  They  give  rise  to 
the  formation  of  encrustation  on  the  heating  walls  and  suffer  large 

temperature  potentials,  ,  x  • 

The  methods  of  chemical  water  purification  applied  to  poWer  plants 
without  automation  do  not  guarantee  sufficiently  high  quality  for  the 
boiler  water.  This  substantially  reduces  the  reliabilitiy  of  the  boilers. 
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The  mechanlaation  and  aiitomatlon  of  fuel  manufacture  and  auppljr  is  far 
behind  the  automation  of  the  combustion  processes  in  boilers,  vhloh  In  a 
manyHsectloned  system  causes  the  entire  boiler  turbine  section  to  be 
unreliable. 

The  continuous  operation  of  electrical  equipment  depends  to  a  great 
extend  also,  on  the  reliability  of  the  regulating  ^jystems,  transformers, 
transmission  lines,  and  netuorks.  Their  reliability  depends  on  the 
stability  of  the  power  plant  and  transmission  line  equipnent,  which  Is 
exposed  to  large  dynamic  and  thermal  overloading  Upon  short  circuiting 
or  excessive  voltage  loading  of  the  atmosjihere  or  commutation  type.  The 
high  towers  of  several  hundred-kilovolt  voltaj^  switches  are  subjected 
upon  short  circuiting  to  tremendous  shocks,  bap^ble  of  demolishing  the 
equipment,  kt  the  scientific  research  institutes  working  on  the  develop¬ 
ment  of  switches  and  at  manufacturing  enterprises  such  strenuous  tests 
are  not  in^aed  because  of  the  lack  of  necessary  power  and  high-test 
equipment,  And  this  fosters  the  great  shortcomings  in  the  utilization 
of  our  power  systems 

Weather  distiirbances  on  wiring,  insulation,  and  the  supporting 
towers  of  cross-country  high-tension  lines,  particularly  under  ice  and 
frost  conditions,  are  frequently  the  cause  of  disruptions  in  the  trans¬ 
mission  lines,  and  lightning  discharges  give  rise  to  breakdown  of  trans¬ 
former  instilations.  This  leads  to  serious  failures  and  emergenqr 
situations. 

Moreover,  not  enou^  has  been  done  on  the  incorporation  of  dis¬ 
charge  facilities  to  perait  the  protection  of  Insulation  against  break¬ 
down,  The  application  of  a  system  of  automatic  protection  and  regulation 
for  the  rapid  pin^lnting  of  emergency  situations,  as  well  as  apparatus 
for  remote  control,  remote  warning,  and  relate  measurement,  which  systg^ 
have  already  been  developed  at  Mosenekgo  2^soow  Power  idminlstrationj/ 
with  96-99/6.  ef f icienoy,  have  not  been  worked  into^  other  power  systems  to 
'  the  degree  that  they  should.  Over-all  automation  and  remote-control 
mechanization  of  power-systems  —  the  only  real  way  to  step  1:5)  the 
reliability  of  the  o6untpy*8  electrification  —  is  still  in  a  very  slow 
stage  of  growth. 

In  metallurgy,  the  reliability  of  the  basic  aggregates  rests 
nusiinly  in  the  realiabllity  of  the  auxiliary  equipment.  Breakdown  in 
the  operation  of  the  charging  device  thus  frequently  disrupts  the  normal 
functiox^ng  of  blast  furnaces.  There  have  been  instances  when  the 
unrelialiLe  operation  of  automatic  lift  cutoff  devices  has  led  to  the 
cables  breaking  end  the  skips  dropping.  Failure  in  the  operation  of 
terminal  lever  switches  have  been  the  cause  of  breakdowns  in  the 
traverse  and  blocks  of  easting  and  ladle  cranes,  dropping  of  the  bucket 
containing  the  molten  metal,  breakage  of  forms,  fractures  in  the  shafts 
and  gears,  and  breakage  of  the  cables  of  bridge  cranes. 

In  the  chemical  industry,  insufficient  reliability  of  t^e  equip¬ 
ment  not  only  cuts  down  on  its  efflcienpy  and  on  the  quality  of  the 
product,  but  often  leads  to  accidents  and  production  stoppage.  Increased 
wear  of  the  eqtiipment  under  the  action  of  aggressive  media  at  high 
tenperatures  and  pressures  creates  the  danger  of  leakage  of  toxic,  hot. 
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countries.  Actuslly,  though,  the  average  number  of  operations  is  about 
26  percent  of  \)hat  is  guaranteed,  the  main  reason  for  the  pi^inatui*e 
failure  of  switches  is  breakdown  due  to  imperfections  in  their  manufac¬ 
ture,  Partial  breakdowns  and  unevenness  in  the  operation  of  track  and 
terminal  switches  account  for  the  tremendous  number  of  accidents  and 
failures  of  various  industrial  equipment « 

The  reliability  of  machinery  suffers  from  poor  quality  in  the 
bearings  and  insufficient  protection  against  abrasive  iiiear  and  over¬ 
heating,  The  situation  with  regard  to  lubricant ing  materials  is  complete¬ 
ly  unfavorable.  The  assortment  of  thero  from  which  one  may  ohoose  is 
altogether  too  limited,  and  the  quality  is  low.  The  marketed  oils  and 
greases  do  not  meet  the  requirements  of  modem  enginoeidng  needs,  they 
lead  to  accidental  breakdown  and  premature  wear,  and  retard  the  further 
development  of  the  machinery.  Stable  high-viscosity  lubricants  and 
lubricants  with  anti-freeze  additives  suitable  for  the  conditions  of  the 
country’s  northermost  regions  are  nottexLetent.  All  this  greatly 
dlminshes  the  longevity  of  the  machinery. 

Increased  rellabilily  of  the  elements,  components,  and  entire 
units  of  engineering  equipment  still  does  not  solve  the  problem  of  over¬ 
all  reliabili-ty,  which  relates  to  the  single  xmiversal  system  of  auto¬ 
matic  regulation.  The  application  of  low-sensitivity,  low— response, 
or  unstable  transmitters  does  not  ensure  precise  information  concerning 
the  state  and  fluctuations  of  the  parameters  to  be  controlled.  Inability 
to  withstand  mechanical,  thermal,  chemical,  or  radiation  influences  of 
the  medium  will  quickly  deteriorate  the  reproducing  organs  of  the  trans¬ 
mitters.  The  reliability  of  manf  transmitters  is  one  of  the  main  factors 
accounting  for  breakdown  in  the  function  of  automatic  contml  systems. 


Generalize  Experience.  B: 


Theory 


Despite  the  tremendous  losses  suffered  by  the  national  economy 
as  the  result  of  accidents  and  breakdown  in  the  operation  of  industrial 
equipment,  the  problem  of  reliability  fails  to  be  accorded  the  proper 
attention.  Allowance  for  the  premature  failure  of  machinery,  apparatus, 
and  instrumentation  Is  poorly  realized,  and  there  is  no  generalization 
and  systematic  analysis  of  reclamations  on  a  statewide  b6i8ls , 

Those  organizations  established  to  stu^  the  results  of  Industrial 
testing  and  conmercial  eaqperimentation  are  most  often  unequipped  to  answer 
how  reliable  our  most  inpoi*tant  types  of  industrial  equipment  are,  why  it 
frequently  is  lower  than  for  the  analogous  non-Soviet  tj^e,  or  \diat 
measures  are  necessary  in  order  to  eradicate  this  below-nonnal  situation. 

Mbreover,  in  our  planned  socialist  economy  the  problem  readily 
attracts  due  attention,  especially  since  experimentation  to  centralize 
the  separate  factor  of  unreliability  is  already  under  wey  in  a  number 
of  our  organizations  and  institutes.  Thus  in  the  State  Committee  on 
Electronics  of  the  Council  of  Ministers  USSR  maiy  industrial  laboratories 
are,  studying  ways  and  means  to  increase  the  reliability  of  electronic 
components, 

Mosenergo  has  a  centralized  failure  inspectorate,  vdiich  records 


and  traces  all  cases,  of  fallul?e  in  the  Moscow  combined  power  system,  and 
the  inspectorate  of  Glavenergo  fttein  Power  Administration,)  of  Gosplan 
USSR; generalizes  and  analyzes  data  on  the  failure  of  power  systems  on  a 
general  Statewide  basis.  Clearly,  this  experience  can  be  extended  to 
other  branches  of  the  economy. 

It  would  seem  unneoessai*^  to  demonstrate  the  utility  of  sclentlfio 
research  directed  toward  ^isui^t  hl^  reliability  in  Soviet  equipment. 
Hardly  to  be  disputed  is  the  pbSslbilltSr  feind  exigency  of  forming  a  new 
branch  of  scietioe  to  deal  with  reliability,  which,  oh  the  basis- of  the 
systematization  and  generalization  of  practical  industrial  experience 
and  utilization  of  the  material  resources  in  the  various  branches  of  the 
national  economy,  could  develop  a  theory  and  yield  specific  recommenda¬ 
tions  for  a  procedure  to  increase  the  reliability  of  mi^  engineering 
systems,  ' 

But  in  order  to  augnent  the  reliability  of  machinery.,  apparatus^ 
and  instrumentation  it  is  necessary  first  of  all  to  establish  scientific 
principles  and  engineering  standards  by  uhlch  the  science  of  ensuring 
reliabllily  might  be  created.  Always,  whenever  cause  and  effect  connec¬ 
tions  between  effects  cannot  be  estebllshed  and  the  effects  themselves 
are  on  a  large  scale,  we  are  then  concerned  kith  so-called  chance 
quantities.  The  laws  governing  them  constitute  the  study  of  mathemati¬ 
cal  statistics  and  probability. 

The  tarlterion  of  reliability  of  a  complex  technological  component 
depends  on  an  aggregate  of  interconnected  factors,  the  chance  quantities, 
and  is  a  ‘^iqal  statistical  parameter.  All  measures  taken  to  raise 
reliability  should  therefore,  be  based  foremost  on  statistical  analysis 
of  the  influencing  factors  at  all  stages  of  development  —  in  production, 
in  transport,  storage,  and  in  utilization  of  the  components. 

On  the  basis  of  mathematical  statistics  and  the  mathematical 
theory  of  probability  the  beginnings  of  a  mathematical  theory  of  relia¬ 
bility  have  already  made  their  appearance.  There  is  m  extensive  Soviet 
and  foreign  literature  covering  this  problem, 

Dviring  the  last  few  years  six  thorough  and  numerously  attended 
symposiums  on  the  probl^  of  reliability  in  electronics  have-  been  held 
in  the  US  with  the  USSR  pa3rbicipatlng;  considerable  information  is 
available  in  print  as  a  result.  The  American'  Institute  of  Radio 
Engineers  (IRE)  regularly , publishes  special  technical  reports,  in 
addendum  to  their  proceedings,  on  the  increase  of  rellaldllty  in 
electronic  equl]^ent. 

Seminars  and  scientific  conferences  have  met  in  the  USSR  in  recent 
times  to  discuss  raising  the  level  of  qualification  of  engineers  and 
technicians  working  in  the  area  of  reliability  in  the  electronics 
industry.  In  January  1961  a  conference  on  reliability  in  mechanical 
engineering  and  instrument  design  was  held  in  Minsk. 

All  this,  however,  is  only  the  beginning  of  the  extensive  work 
that  must  be  done  on  a  scientific  basis.  Of  ‘course  the  reliability  of 
every  engineering  component  begins  to  build  up  from  the  mom^t  of 
inception  and  depends  on  many  factors  requiring  effective  systematic 
control  fnom  the  very  beginning  design  and  continuing  throu{^ut  all 


stages  of  developuteht,  produotloxi,  and  utilisation.  .x.  i 

For  this  it  is  first  of  all  necessary  to  make  a  valid  critical 
evaluation  of  the  technological  notions  that  arise  in  the  explorato^ 
stage,  with  a  first  appraisal.  Via  need  to  develop  research  on  a  wide 
front,  which  will  make  it  possible  to  find  the  most  promising  solutions. 
Foreigh  firms >  for  instance,  spare  no  effort  in  resear<^i  and  their 
expenditures  for  this  effort  far  exceeds  our  own.  This  is  otndously 

a  good  thixige  ^ 

The  framework  of  research  determines  technological  progress  and 
should  therefore  be  greater  on  ouy  part  in  this  area  of  knowledge  than 
on  the  part  of  the  capitalist  countries,  In  several  Instances  the 
apportionment  of  research  work  to,  msny  small  organisations  limits  the  ^ 
possiblity  of  a  unified  developmelt  along  parallel  lines  of  a  num^r  of 
a  number  of  engineering  principle^  and  modifications  of  a  single  trend. 

This  in  turn  restricts  the  perepeStive  of  mattiematlcians  and  economists* 
the  application  of  computer  and  analog  macMneiy  for  the  verification 
of  the  theoretical  hypotheses,*  and  fails  to  promote  rapid  performance 
of  calculations  and  comparative  analyses  of  the  principles  being  wrked 

out  or  their  anbodiment  in  design. 

Superficial  scientific  research  often  generates  unreliable 
equipment.  Theoretical  and  experimental  work  on  all  the  criteria _of 
reliabilily  needs  to  be  considerably  expanded,  Vh.th  the  design  of  new 
machineiy,  apparatus,  and  instrumentation  we  need  proper  allowance  for 
all  the  possible  conditions  under  which  they  are  utilized,  and  this 
should  find  its  reflection  in  engineering  design.  The  optimum  requ^- 
ments  for  reliability  should  be  -worked  out  by  the  specialized  scientific 
research  institutes  in  conjunction  with  the  man\ifacturing  enterprises, 
taking  into  account  the  engineering  and  economic  feasibilities.  We  need 
to  probe  deeper  in  the  study  of  the  influence  of  engineering  on  relia¬ 
bility  and  machine  oapabllitiea,  ,  a  j 

The  consolidation  of  effort  in  the  existing  and  newly  created 
scientific  research  institutes  is  directed  toward  obviating  these  faults. 
For  the  guarantee  of  hi^  reUahllity  in  conceived  engineering  oomponents 
a  serious  checking  and  reviewing  of  the  scientific  literature  is  necessary, 
with  the  idea  of  making  a  start  toward  ensuring  qualified  control  in  the 
application  of  advanced  theories  and  analytic  methods  that  foresee  and 

eliminate  subsequent  failures,  -  x.. 

In  order  to  ensure  stability  and  a  high  reliaWllty  of  the  oom- 
pon^ts  we  need  to  equip  our  laboratories  with  modem  ejqjerimental 
means.  Scientific-instrumentation  design  is  far  from  satisfying  the 
requirements  of  our  national  economy  and  the  needs  of  science.  Because 
of  the  sad  state  of  affairs  in  the  nomenclature  of  high  precision 
scientific  instruments,  the  quality  of  the  experimental  investigations 
is  lowered  and  the  significance  of  the  results  obtained  becomes  duWous, 

If  we  are  to  speed  up  the  development  of  scientific-instrument  design 
we  must  first  of  all  invest  it  with  a  nomenclature  in  correspondence 
with  the  types  of  institutes  concerned  and  formulate  categories  by  '»ich 
these  Instruments  and  experimental  apparatus  shoiild  be  developed. 

It  is  time  now  to  set  forth  a  rigid  schedule  for  the  material  and 


engineering  outfitting  of  our  scientific  research  organisations* 

But  the  cause  of  many  of  the  shortcomings  in  scientific  work  is 
burled  not  only  in  the  fact  that  the  institutes  are  unable  to  receive  in 
good  time  the  measttrwent  and  control  instruments  and  laboratory 
furnishings  already  appropriated  and  produced  by  Industry,  tut  also  in 
the  poor  supply. of  high  quality  materials,  auxiliary  articles  (labora¬ 
tory  glass,  metals  of  the^required  type,  ceramic,  Insulatiai  material, 
semiconductor  instruments,  cables,  tubing,  and  ether  accessories). 

Approaches  to  Increased  Bell  abiU te 

Very  often  the  reason'  for  functional  unreliability  in  machinery 
Is  found  in  the  unequal  service  lifetimes  of  the  various  systems , 
assemblies,  and  components.' '  AA  a  result  of  this,  the  idle  time  of  a 
machine  frequently  exceeds  its  Sibtual  running  time 'and  sums  of  money  are 
Spdnt  on  overhaul  which  sometimes  are  more  than  ten  times  greater  than 
the  cos't  of  the  machine.  Thus  about  30  percent  pf  edl  the  tractors,  a 
considerable  number  of  motor  vehicles,  as  many  as  25  percent  of  the 
construction  machinery  are  all  idle.  The  diesel  engines  put  out  by  the 
plant  in  Minsk  for  dump  tinicks  and  25-ton  steam  shovels  operate  for  1000 
to  1200  hours,  lie.,  three  to  four  months,  before  major  repairs  are 
necessary.  The  electric  motors  of  vibrators  work  for  200-300  hours, 
grease  pumps  used  in  hydraulic  installations  have  a  period  of  service 
equal  to  lOOO  hours,  and  many  oonqponents  of  agricultural  machinery  do 
not’  hold  up  under  the  requirements  of  a  single  season. 

We  need  to  have  methods  for  calculating  designs  for  optimum  .. 
lifetime  with  economically  reasonable  periods  of  service  for  both  the 
individual  components  and  parts  subjected  to  greatest  wear  and  tear  and 
the  design  as  a  whole.  The  design  should  ensure  self -regulation  and 
compensation  for  wear  and  bring  the  surface  and  volume  strengths  closer 
together.  Of  great  Importance  is  the  application  of  modem  methods  of 
tightening  the  most  heavily  loaded  conqxjnents  by  ohrwne  plating  and  . 
wearproof  seam  welding,  drilling,  and  cold  working. 

Repairs  on  large  scale,  mass-produced  machinery  with  the 
application  of  nor.oritical  systems,  in  particular  in  the  motor-vehicle 
industry,  lead  to  sharp  curtailment  of  reliability  and  remaking  of  the 
damaged  parts.  The  amount  and  periodicity  of  repedrs  should  bo  sche¬ 
duled  in  design  and  construction.  It  is  necessary  here  to  make  provision 
for  inspection  and  the  opportunity  for  efficient  and  rapid  replacement 
of  worn  parts.  The  problem  of  repairs  should  be  kept  constantly  before 
the  research,  design,  and  planning  groups  i^ulred  to  furnish  the 
necessary  recommendations  and  scientifically  based  norms. 

Very  little  attention  is  alloted  to  the  guarantee  of  high  design 
reliability  in  the  development  stages  of  engineering  components.  It  is 
Important  that  the  problems  of  reliability  always  be  before  planning 
eiqperts,  a  plan  that  should  be  accomplished  by  proper  administrative 
control.  Many  of  these  potential  situations  could  be  worked  out  and 
realized  in  the  near  future.  In  particular,  factory  engineering  norma 
are  already  being  assembled,  new  standards  are  being  created.  The 
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Committee  on  Stscndards,'  Measures,-  and  Measuring  Instruments  should  not 
approve  standards  without  reliability  criteria*  For  the  purpose  of 
speeding  tip  the  process  of  design  and  -Uie  guarantee  of  its  oontinuitir 
with  ln^nilnn^n  expenditure  of  effort,  it  is  necessary  that  the  planning  and 
design  bureaus  be  famished  tdth  up-to-date  planning  engineering  methods 
and  computer  machinery  for  analoging  components. 

The  design  mliabillty  achieved  under  laboratory  conditions  and 
during  the  course  of  planning  and  design  still  falls  short  of  guar^teeing 
the  true  reliability  of  the  article  in  its  actual  utilization.  Many 
design  nuances  not  accounted  for  in  the  blueprints  are  detected  in  the 
production  of  the  prototype.  Eadiaustlve  inwStigation  of  the  prototype 
under  critical  conditions  and  in  unfavoraldie  i^xtemal  situations^  using 
modem  eiqwriBental  setups,  tmmasks  a  number  of  design  deficiencies the 
elimination  of  >Mch  would  raise  the  level  of  reliability.  Subsequent 
suitable  tests  of  both  the  individual  parts  and  conponents  and  of  the 
constmction  as  a  whole  on  special  equipment  will  make  it  possible  to 
expose  new  factors  of  design  reliability.  Only  after  elimination  of 
these  can  a  specimen  for  the  final  stage  of  constmction  be  made. 

The  new  model  should  be  checked  out  and  finished  completely  at 
the  factory  jnTior  to  the  beginning  of  mgular  production,  so  that  not 
only  its  working  capabilities  and  limitations  be  checked  out,  tut  also 
its  reliability  over  prolonged  operation.  By  breaking  down  the  speci¬ 
mens  ready  for  production  into  components  and  individual  xuiits,  toe 
long-term  dependability  of  the  entire  constmction  can  be  checked  out 
experimentally  in  relatively  short  periods  of  time  and  well  before  the 
technological  curticle  as  a  whole  will  be  ready*  Taking  this  view  of  the 
situation,  the  final  stage  of  design  can  be  reliably  executed  on  the 
prototype  specimen  before  changing  over  to  regular  production. 

Design  reliability  ties  in  intimately  with  production  reliability, 
vdiich  aasures  the  over-all  reliability  of  the  products  in  the  stages  of 
industrial  manufacture.  Maintaining  the  specified  characteristics  in 
the  new  engineering  component  in  its  manufacturing  stage  means  stabilized 
quall'^  of  the  raw  material,  strict  observation  of  the  prescribed  con¬ 
ditions  of  processing  and  engineering  procedures. 

StabilizatiQn  of  the  raw  material  under  normal  conditions  should 
be  guaranteed  by  its  suppliers.  However,  in  order  to  provide  for  the 
possibility  of  undesirable  elwients  getting  into  toe  production  process, 
control  and  selection  of  the  material  are  necessary,  \ftiich  is  most 
reliably  ensured  through  express  analysis  on  Inspection  equip^nt  and 
automatic,  ccaitlnuous  operation  selectors.  For  this  the  most  suitable 
methods  of  inspection  and  analysis  are  based  on  the  application  of 
ultrasonic  absorption  and  reflection,  Inframd,  visible,  ultraviolet, 
x-ray,  and  nuclear  radiations,  magnetic  flaw  detection  principles,  and 
other  up-to-date  procedures.  A  hlg^ily  effective  approach  is  the 
polamgraphic  method,  whidx  is  distinguished  by  universality  and  high 
precision.  Automatic  selection  according  to  size  end  que^ty  oT  the 
materials  Inteoduces  order  into  the  very  beginning  of  the  technological 
process. 

Observation  of  the  specified  requirements  and  predesign  for 
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8'toppagd  in  the  piro<5uctloii  process  are  aocomplished  most  reliably  ly  the 
application  of  passive  autcmatic  inspection  directly  in  the  machineiy 
and  processing  aggregates;  this  is  instigated  ly  the  use  of  contactless 
(not  coming  in  touch  with  the  article)  pneumatic  and  electzd.c  trans¬ 
mitters  acting  on  the  functional  mechanisms  of  the  control  system. 

Another  possibility  in  this  connection  is  quality  control  that  can  also 
be  effected  during  the  production  process  ^  magnetic,  induction,  radio¬ 
active,  and  other  nondestructive  testing  methods. 

Of  exceedingly  great  Importattcd  for  the  protection  of  the  consumer 
from  unreliable  machinery,  (^iiipment,  and  instrumentation  is  the  perfec- 
tidn  of  test  facilities  need,  to  check  out  Ivg^e-scale,  mass-pro^ced 
articles  as  they  emerge  frort- production,  (hhnb  test  stands',  glutted 

with  instrumentation,  take  a\«y  much  time  for  the  inspection  and  analysis 
of  their  readings.  They  should  be  replaced  ly  high  speed  automatic  test 
machines  and  analyzers  with  oon^juter  equipment  capable  of  yielding 
finished  test  results  from  all  the  control  readings  in  standard  form  with 
clearly  marked  deviations  from  the  norm,  fixing  them  within  the  engineering 
ratings.  They  will  show  up  defects  in  the  components  as  they  interact  and 
any  deficient  quality  of  the  manufactured  articles  in  assembly,  which  will 
then  serve  as  a  basis  for  their  rejection  prior  to  regular  production. 

With  the  inspection  process  set  up  in  this  way,  production 
reliability  will  be  detected  during  production  and  not  in  use  ly  the 
customer.  This  will  rid  the  national  econony  of  great  losses  and  failures 
caused  ly  malfunction  and  premature  failure  of  machinery,  apparatus,  and 
instrumentation,  as  well  as  serious  accidents  and  emergency  situations. 

This  inspection'  technique  we  have  begun  'to  realize  in  part,  much  is  in 
'the  stage  of  developm«Qt,  but  its  embodiment  in  practice  is  proceeding 
extremely  sluggishly.  The  production  of  reliable  components  must  be  set 
aright  and  direct  responalbili'ty  conferred  for  the  application  of  the 
newest  engineering  methods  of  inspection,  ensuring  the  stepping  up  of 
reliability  in  industrial  products;  such  is  the  responsibility  of  'the 
Sovnarkhozes  (Councils  of  National  Econony),  to  evaluate  the  work  of 
manufacturers  not  only  in  gross  production,  but  also  in  the  qualify  of 
the  latter. 

If  the  design  and  production  reliablli-ty  of  engineering  compo¬ 
nents  is  high,  it  can  still  be  lowered  considerably  ly  in^roper  storage, 
transportation,  and  use,  which  come  under  the  heading  of  utilization 
reliability.  Storage  in  improperly  outfitted  sites,  e:qx)S\ire  to  dust, 
r^n,  and  snow,  harmful  handling  and  transportation  with  Jarring  and 
shock,  if  they  do  not  cause  total  breakage  and  destruction,  at  least 
out  down  on  the  utilization  reliability  of  the  equipnent. 

Raising  the  utilization  reKablllty  of  complex  pieces  of  equip¬ 
ment,  especially  automatic  instruments  and  apparatus  composed  of  many 
assemblies,  requires  the  application  of  only  specialized  equipnent 
designed  for  use  under  given  conditions.  Their  specifications  should 
ccanpletely  withstand  the  demands  put  on  them.  Toward  this  end,  all 
electrical  and  instrument  articles  necessazy  for  the  assembly  of  the 
finished  equipment  and  requiring  special  handling  should  be  ejqwsed, 
and  should  be  designed  to  function  under  approved  engineering  conditions. 
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The  l^ellahility  6f  engin^ting  pomponents  in  all  stages  of  their 
manufacture  and  utilization  is  detendned  hy  qualified  personnel.  The 
scientist,  engineei^,  dfesigner,  and  planner,  in  addition  to  having 
knowledge  of  his  own  specialty,  must  he  up  on  the  latest  achievements 
of  physics,  chemistry,  physical  chemistry,  chemical  physics,  mechanics, 
aeix)dynamics,  electriced  engineering,  and  electronics.  Without  this 
knowledge  the  production  of  machinery,  mechanisms,  and  instzuments  is 
inconceivable.  Many  Important  discoveries  apd  Inventions  are  now  being 
made  with  Interdisciplinary  cooperation.  Clo^te  often  Insufficient 
knowledge  of  mathematics,  economics,  and  iK>denx  engineering,  as  well  as 
the  relatively  narrow  specialization  of  deslgneirs  and  planners  impede 
the  development  of  reliable  and  economically  efficient  designs. 

It  is  therefore  essential  that  we  in^yrove  the  system  for  training 
scientific,  engineering,  technical,  and  working  groups,  ensuring  their 
acquisition  of  the  necessary  knowledge  on  the  level  of  modem  achieve¬ 
ments  of  science  and  technology.  It  is  very  in^rtant  to  increase 
systanatically  the  qualification  of  personnel  by  setting  up  courses, 
seminars,  lectures,  exhibits,  better  organization  of  scientific  and 
technical  Information  and  literature,  and  the  organization  of  special 
courses  in  the  theory  of  reliability  in  machinery,  apparatus,  and 
instrumentation.  Instnictlon  on  the  special  discipline  of  reliability 
in  equipment  needs  to  be  incorporated  into  our  advanced  and  intermediate 
scientific  institutions. 

Textbooks  and  manuals  need  to  be  written,  published,  and  widely 
distributed  for  variously  qualified  workers  responsible  for  increasing 
the  reliability  of  industrial  articles.  It  is  urg^t  that  we  see  an 
extensive  publication  of  ttie  materials  from  the  various  conferences  on 
reliability,  the  publication  of  a  specieQ.  journal  on  reliability  after 
the  pattern  of  the  international  journal  Iznos  (Wear) . 

Success  in  the  improvMient  of  reliability  can  be  achieved  only 
with  an  effective  system  of  regular  collation  of  information,  due 
allowance  for  operative  failures  and  premature  breakdown  of  machinery, 
apparatus,  and  instrumentation,  analysis  of  the  causes  and  development 
of  clearly  defined  recommendations  for  their  elimination,  and  active 
inspection  in  order  to  make  svire  that  the  adopted  recommendations  are 
carried  out. 

The  increase  of  reliability  in  machinery,  apparatus,  and 
instrumentation  is  the  responsible  problem  not  only  of  scientific, 
designers,  technicians,  and  workers  in  the  departments  devoted  to 
technical  inspection,  but  to  no  lesser  a  degree  the  workers  themselves. 
They  are  the  ones  Who  are  directly  concerned  with  the  value  of  the 
materials  produced,  in  their  hands  is  the  life  and  power  of  the  indus¬ 
trial  product.  The  responsible  awareness  of  all  workers  must  be  raised 
in  the  constant  battle  for  higher  production  quality  of  machinery, 
apparatus,  and  instrumentation  and  their  zealous  ccmmercial  utilization. 


Caption  to  photograph  ^^ot  reproduced  herg7<  As  part  of  the 
accelerated  pace  of  the  Seven-Year  Plan  the  Kursk  Synthetic  Fiber  Plant 
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incorporates  all  the  newest  procedures  and  Mchinery  for  the  promotion 
of  iSaan  Soviet  developed  synthetic  fihe|/.  The  plant  . 
compete  to  bring  the  plant  up  to  early 

photo  is  ihown  chemical  Spinning  machl^nery  for  the  pTo^ction  of.  lavsan. 
Sie  operator  is  Svetlana  Potapovhi  Photo  ly  V.  Polunin. 


